The positive influence of the microwave radiation on the melting of rocks is described. 
Introduction
Microwaves are defined as waves of wavelength from 1 cm to 1 m, corresponding to the frequencies in the interval of 0.3-30 GHz [1] . Most of the countries use microwaves of frequency of 2.45 GHz with a corresponding wavelength of 12.2 cm. At the present time, microwave energy is used to innovate and intensify technological processes in various branches of industry, e.g. in drying wood, fabrics, paper, in production and processing of glass, ceramic and plastic materials, vulcanisation of rubber and similar. In the field of processing of mineral raw materials, the microwave heating was tested in the processes of drying and desulphurisation of coal [2, 3] , chemical treatment of minerals and ores [4] , modification of magnetic properties of ores [5] etc. In order to intensify the processes of disintegration of mineral raw materials, attention was paid to the influence of microwave heating on deformation of rocks. The measurement of the rate of propagation of ultrasonic waves in rocks is used to determine the degree of their deformation [6, 7] . Microwave pre-treatment of andesite cylinders resulted in a 40 % decrease in the degree of their deformation after 5 min of heating that was manifested by an increased efficiency of their milling [8] .
Prolongation of the heating time or increase in the output of the microwave source can lead in suitable materials to an increase in their temperature always up to the melting point. The present study focused on the processes of melting of andesite in a microwave oven.
2. Basic concept of microwave heating
Energy is transfered to materials by interaction of the electromagnetic fields at the molecular level, and the dielectric properties ultimately determine the effect of microwave field on material. Thus, physics of the microwavematerials interaction is of primary importance in microwave processing. The interaction of microwave with molecular dipoles, and energy is dissipated as heat from internal resistance to the rotation. Microwave heating of material depends on a great extent on its dissipation factor, which is the ratio of dielectric loss or loss factor to dielectric constant of the material.
The dielectric constant is a measure of the ability of the material to absorb microwave energy as it passes through. The loss factor is a measure of the ability of the material to dissipate the energy. In other words, loss factor represents the amount of input microwave energy that is lost in the material by being dissipated as heat. Therefore, a material with high loss factor is easily heated by microwave energy. In fact, ionic conduction and dipolar rotation are the two important mechanism of microwave energy loss.
Mathematically both of these losses may be included in an effective dielectric loss factor:
where ε′′ is dielectric loss factor, representation of dipolar losses, σ is electric conductivity of material [S.m ]. The power absorbed per unit volume can now be written as follows: (2) where P ABS is power absorbed per unit volume [W.m ]. The real part of complex permittivity of andesite is about 6. The effective dielectric loss factor, ranges from 0,08 -0,27 [9] .
Experimental
The influence of microwave energy on the melting process was investigated on andesite specimens originating from the locality of Ruskov (Slovak Republic). Andesite is a magmatic volcanic rock of light-grey to greybrown colour with fine to medium porphyritic structure of the basic material.
Results of chemical analysis of andesite are presented in Tab. 1.
Table 1. Chemical analysis of andesite
X-ray diffraction analysis of andesite was performed using an apparatus DRON 2 O. A diffractogram of a basic andesite specimen is shown in Fig. 1 . The X-ray diffraction analysis of the basic specimen of andesite showed the presence of SiO 2 , smaller proportion of Al 2 O 3 and CaO and also the presence of plagioclases, pyroxenes and to a lesser degree of hornblende, biotite and magnetite.
The andesite melting tests in a microwave field were carried out on specimens of cylindrical shape with defined dimensions. The parameters of specimens are summarised in Tab. 2. Andesite cylinders were located in a vertical position on a ceramic plate 3 cm above the oven bottom. Temperature of the specimens was measured by non-contact infrared thermometers Raynger MX 4 (measurement range: -30 ÷ 900 o C) and Thermalert TXC (measurement range: 400 ÷ 900 o C). The scheme of temperature measurement during the andesite melting in a microwave oven is shown in Fig. 2. 
Fig. 1. X -ray diffraction analysis of basic specimen of andesite

Results and discussion
The andesite specimen (Tab. 2, specimen 1) was placed to a ceramic crucible located in a refractory insulation cover which transmitted microwave radiation and resisted to high temperatures so as to prevent cooling of specimens and the respective energy losses into the surroundings (Fig. 2) . In the first phase of heating, the specimen was irradiated at the output of 1 350 W. After 10 min, the specimen was irradiated at the maximum output of 2 700 W. After 30 min of microwave heating the specimen was completely melted and the temperature measured Table 2 . Parameters of specimens subjected to X-ray diffraction analysis (Fig. 3) and classical chemical analysis (Fig.3) which allowed us to determine the proportion of individual compounds in a dry silicate melt (Tab. 3).
The X-ray diffractogram of re-melted andesite suggested that practically the entire specimen was in an amorphous state. Chemical analysis of the remelted specimen showed only small differences in the values of the components determined in comparison with the primary andesite specimen.
In order to investigate the process of melting of andesite cylinders, the specimens No. 2 and No. 3 (Tab. 2) were irradiated at the output of 900 W while deposited freely an a ceramic plate without an insulation cover. Melting down of andesite specimens in a microwave oven for 10 and 15 min is documented in Fig. 4 . During the microwave heating, the specimens became 
Conclusion
To validate the possibility of application of microwave heating in innovation of the process of thermal treatment of rocks, experiments with Table 3 . Chemical analysis of andesite after microwave heating Fig. 3 . X -ray diffraction analysis of andesite after microwave heating melting of andesite specimens in an microwave oven were conducted.
Comparison of the properties of andesite specimens in their natural form and after melting showed that the basic andesite material had originally porphyrite structure formed by fine strips of plagioclases and grains of pyroxenes. After cooling of the melted specimen a black, compact material of vitreous structure developed. The andesite specimen examined was subjected to classical chemical analysis and X-ray diffraction analysis before and after the heating in the microwave oven. The chemical analysis revealed that the basic components of andesite were SiO 2 , Al 2 O 3 and CaO. The analysis of the melted specimen revealed that the proportion of individual components did not change essentially during the melting process. No weight losses were observed after melting. The X-ray analysis of the primary andesite confirmed the results of chemical analysis. It proved that the specimen structure turned amorphous after melting.
Fig. 4. Heating of andesite in microwave oven: 1 -non-irradiated specimen, 2 -irradiated specimen (10 min), 3 -irradiated specimen (15 min)
